Trichomonas vaginalis is responsible for the number one, nonviral sexually transmitted disease worldwide (56) . There are 250 million new cases of trichomoniasis worldwide and ϳ9 million cases in the United States (15, 55, 57) . Trichomoniasis is known to increase the portal of entry and exit for human immunodeficiency virus (51) . A recent study showed serological evidence linking trichomoniasis with prostate cancer (52) . Given the significant human morbidity caused by T. vaginalis, there is a need for identifying virulence factors and elucidating the mechanisms of disease pathogenesis.
A prerequisite for T. vaginalis infection is its ability to colonize the vaginal epithelium. Surface-associated adhesin proteins were shown to be involved in parasite adherence to vaginal epithelial cells (VECs) (4, 19, 20) . There is a direct relationship between the amount of surface adhesin that binds to host cells in a ligand-receptor type interaction (8, 20) and the level of cytoadherence (8, 20) . Contact with VECs produces a dramatic change in morphology accompanied by synthesis of adhesins (9, 26) . A recent study using antisense RNA reaffirmed the importance of AP65 and AP33 in parasite associations with VECs (37, 38) . In addition, heterologous expression of AP65 and AP33 on the Tritrichomonas foetus surface provided evidence that both are bona fide adhesins of T. vaginalis (25, 38) . Interestingly, these adhesins show sequence identity to metabolic enzymes found in the double-membrane organelle called hydrogenosomes (4, 19) . Finally, coordinated up-regulated synthesis and compartmentalization of adhesins outside the hydrogenosomes are modulated by iron (20) .
Metabolic enzymes are known to possess alternative functions in addition to glycolysis and play an important role in several biological and pathophysiological processes (48, 49) . For example, surface glyceraldehyde-3-phosphate dehydrogenase and ␣-enolase are without signal sequences and membrane-anchoring motifs and are known to be secreted before reassociation with surfaces of prokaryotic and eukaryotic cells (11, 12, 22, 41) . These enzymes exhibit ligand-binding, nonenzymatic functions that play important roles in colonization and invasion (10, 11, 13, 22, 41) . This is the first report demonstrating the surface-associated nature of T. vaginalis ␣-enolase (tv-ENO1) and showing that tv-ENO1 binds human plasminogen. Synthesis of tv-ENO1 is increased in trichomonads after contact with VECs, and tv-ENO1 is released during normal growth and multiplication of the parasites. Further, plasminogen binds to tv-ENO1, and bound plasminogen is activated to plasmin by tissue plasminogen activator (tPA). These findings suggest a heretofore unknown role of tv-ENO1 during infection. Finally, it is clear that T. vaginalis is a member of the growing list of microbial pathogens and parasites with anchorless, surface-associated enzymes that possess alternative functions.
MATERIALS AND METHODS
Parasite and host cell culture. T. vaginalis isolate T016 was grown in Trypticase-yeast extract-maltose (TYM) medium with 10% heat-inactivated donor horse serum (18) (23) were used for adherence experiments and were grown in Dulbecco's modified Eagle medium (DMEM) (Invitrogen, Carlsbad, CA) supplemented with 10% fetal bovine serum at 37°C in the presence of 5% CO 2 as described before (23) . For experiments involving contact by trichomonads with host cells, as before (26) , parasites at the mid-logarithmic phase of growth (ϳ18 h) were added to confluent monolayer of MS-74 VECs (10:1 parasite/VEC ratio) and incubated for 30 min at 37°C.
cDNA library screening and analysis of sequence data. A T. vaginalis isolate T016 cDNA library was constructed in the Zap II vector. The library was screened (47) with pooled sera (1:100) from patients with trichomoniasis. After two rounds of screening and plaque purification, phagemids were excised with Exassist interference-resistant helper phage according to the manufacturer's instructions. Sequencing was performed at the Advanced Nucleic Acid Core Facility of the University of Texas Health Science Center at San Antonio. The nucleotide sequence of the cDNA clone was translated into the corresponding amino acid sequence with BioEdit program. The BLAST program was used to find related proteins (7) . Sequences were aligned using Clustal W program (53) .
RNA isolation and RT-PCR. Total RNA was isolated from parasites using the Trizol reagent (Invitrogen). For reverse transcription-PCR (RT-PCR), 1 g of total RNA was reverse transcribed using Superscript II RNase H Ϫ reverse transcriptase (Invitrogen) followed by 100 ng of the reverse-transcribed cDNA used as template for the PCRs. The primers used for PCR amplifications of the tv-ENO1 transcript (tv-eno1) were as follows: tv-eno1-sense (S) primer, 5Ј-CTG GCAAGGACATCATGATC-3Ј; tv-eno1-antisense (AS) primer, 5Ј-CAGCGAG ATCAGCGATGACG-3Ј. The ␣-tubulin-S primer was 5Ј-ACTCTGCTGCCTC GAGCACGGTATC-3Ј, and the AS primer was 5Ј-GAAATGACTGGTGCAT AAAGAGC-3Ј.
Precipitation of released proteins. Trichomonads (10 7 /ml) at 18 h growth were pelleted and resuspended in RPMI medium (Gibco Invitrogen Cell Culture) and incubated for an additional 1 h at 37°C. Parasites were monitored during growth and incubation periods to assure the absence of cell lysis (2) . Supernatant was clarified by gentle centrifugation at 500 ϫ g at 4°C as described before (2, 27) . Despite the absence of lysis, the resulting supernatant was filtered through a 0.22-m-pore-size filter to remove insoluble debris. Filtered supernatant was immediately precipitated using 10% trichloroacetic acid (TCA) (wt/vol) and incubated overnight (o/n) at 4°C. The precipitate was centrifuged for 10 min at 10,000 ϫ g. The pellet was washed twice in 10 ml of acetone and air dried prior to resuspending in electrophoresis dissolving buffer. The protein sample was subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) in 10% acrylamide followed by immunoblot analysis using the tv-ENO1 monoclonal antibody (MAb).
Autoligand assay. The autoligand assay was carried out with slight modifications from earlier methods (8, 20) . T. vaginalis parasites (2 ϫ 10 6 ) were fixed with 3% glutaraldehyde in phosphate-buffered saline (PBS) for 1 h at room temperature (RT) followed by two washes with Ringer's solution. Parasites were blocked with 0.5 M glycine o/n at 4°C, which was followed by two washes with Ringer's solution. These parasites were incubated with whole-cell lysate prepared from 1 ϫ 10 4 parasites. Another batch of similarly processed T. vaginalis parasites (2 ϫ 10 6 ) was incubated with recombinant tv-ENO1 (tv-rENO1) (5 g). Incubation was continued for 1 h at RT followed by two washes with Ringer's solution. The parasite-associated proteins were eluted by boiling the fixed cells in electrophoresis dissolving buffer for 3 min. Parasite-associated proteins were subjected to SDS-PAGE using 10% acrylamide gels. The proteins were blotted onto Hybond-P membranes (Amersham Pharmacia Biotech) and probed with the tv-ENO1 immunoglobulin G (IgG) MAb. The blots were further incubated with goat anti-mouse IgG secondary antibody. The bands were visualized by using the ECL (enhanced chemiluminescence) kit (Amersham Pharmacia Biotech).
Immunoblot analysis. TCA-precipitated total proteins from 10 7 parasites, as before (1), were analyzed by SDS-PAGE (28) using 10% acrylamide gels prior to blotting onto Hybond-P membranes (Amersham Pharmacia Biotech). Blots were blocked in 0.1% Tween 20 and 5% milk powder before probing with tv-ENO1 IgG MAb and processing as described above.
Immunofluorescence detection. Immunofluorescence of tv-ENO1 on nonpermeabilized trichomonads was carried out using a modification of a recent procedure (20) . Briefly, 10 6 T. vaginalis parasites at the logarithmic phase of growth were washed twice with Ringer's solution and fixed with 2% paraformaldehyde for 10 min at RT. Trichomonads were blocked with 1% bovine serum albumin (BSA) for 1 h at RT prior to incubation for 1 h with hybridoma supernatants with tv-ENO1 MAb diluted 1:100. Parasites were washed with Ringer's solution and incubated for 1 h at 37°C with affinity-purified fluorescein isothiocyanate-conjugated goat anti-mouse IgG (Sigma Chemical Co., St. Louis, MO) diluted 1:1,000. Finally, parasites were washed twice with Ringer's solution and observed under ϫ100 magnification using the Olympus BX41 microscope.
Expression and purification of GST::tv-ENO1. tv-rENO1 was expressed using pGEX-4T3 (Novagen, Madison, WI). The 1,416-bp coding region of tv-eno1 was PCR amplified from the cDNA clone T-en-1 using the en-S primer (5Ј-GATTA TGGATCCAACGCCGAGCACGACGCTAT-3Ј) and en-AS primer (5Ј-CAT ATAGTCGACTCCTCAGCGAGCATATCG-3Ј). Gel-purified (Qiagen, Inc., Valencia, CA) PCR product with the BamHI and SalI sites was cloned in-frame with the glutathione S-transferase (GST) coding region of the pGEX-4T3 vector. The Escherichia coli strain DH5␣ competent cells transformed with expression construct pGEX-4T3-gst-en was screened on LB agar plates containing 100 g/ml ampicillin. Finally, the correct construction of the expression plasmid referred to as pGEX-4T3-gst-en was confirmed before transformation of E. coli BL21(DE3) competent cells (Novagen). An o/n culture of transformed E. coli BL21(DE3) cells was inoculated at a 1:10 dilution into 200 ml of LB broth with 100 g/ml ampicillin and cultured at 37°C until the A 600 was 0.5 to 1.0. Expression was induced by the addition of 0.5 mM isopropyl-␤-D-thiogalactopyranoside (IPTG) at 37°C for 4 h. Bacteria were harvested, and the pellet was washed with 20 ml of PBS-1 mM EDTA and 5 mM dithiothreitol. The pellet was resuspended in 10 ml of PBS-1% Triton X-100 and sonicated four times each at 60 seconds on ice. The GST::tv-ENO1 protein was affinity purified using glutathione Sepharose 4B (Amersham Pharmacia Biotech) per the manufacturer's protocol, and the GST was cleaved from eluted GST::tv-ENO1 by the addition of 80 U of thrombin (Sigma) for each milliliter of glutathione-Sepharose bed volume of eluted fusion protein. The cleavage reaction was stopped by freezing the sample at Ϫ20°C. The thawed mixture was subjected to SDS-PAGE using 10% acrylamide gel, and tv-rENO1 was then electroeluted. The purity of the tv-rENO1 was verified by SDS-PAGE and immunoblotting with tv-ENO1 MAb. Blots of tv-rENO1 were also probed using pooled sera from trichomoniasis patients (infected human sera [IHS]) compared to control, uninfected humans (normal human sera).
Plasminogen binding by organisms. To determine binding to human plasminogen, wells of multiwell plates (Sigma) were each coated with 500 ng of plasminogen (Roche Diagnostic Co., Basel, Switzerland) diluted in carbonate buffer, pH 9.6, and incubated o/n at 4°C. The wells were blocked by PBS-1% BSA for 1 h at 37°C followed by three washes with PBS. Approximately 4 ϫ 10 5 3 Hlabeled parasites were resuspended in DMEM-TYM and added to plasminogencoated wells. After 20 min at 37°C, wells were washed with DMEM-TYM before scintillation counting. This assay was performed on four separate occasions with five replicates. This assay was very reproducible, and values did not vary by more than 5% of the mean.
An enzyme-linked immunosorbent assay (ELISA) was performed to determine the plasminogen-binding ability of tv-rENO1. Wells of multiwell plates (Nunc) were each coated with 1 g of tv-rENO1 prepared in carbonate buffer, pH 9.6. Where necessary, control wells were each coated with 1 g of BSA. The plates were incubated o/n at 4°C. The wells were blocked by PBS-1% BSA followed by three washes with PBS-0.1% Tween 20. Different concentrations (1 g to 4 g) of the human plasminogen (Roche Diagnostic) diluted with PBS-1% BSA were added to the tv-rENO1-coated wells and incubated for 1 h at 37°C. Competition experiments were also performed by the addition of the 40 mM lysine analogue ε-aminocaproic acid (ε-ACA) (Sigma) prepared in water or 1% BSA in PBS as a control for different concentrations of plasminogen before the addition to wells in the binding assay. Further, different concentrations of ε-ACA were used in experiments with wells coated with 1 g tv-rENO1. In this case, ε-ACA was incubated for 1 h followed by the addition of plasminogen (2 g). All reactions were carried out at 37°C for 1 h after which wells were washed twice in PBS-0.1% Tween 20. Binding was determined by incubation for 1 h at 37°C with anti-plasminogen IgG antibody. After the wells were washed twice with PBS-0.1% Tween 20, they were then incubated with horseradish peroxidase for 30 min at 37°C, and color was measured at A 450 . The concentrations of ε-ACA used in our experiments are consistent with those used for other bacterial pathogens (40) and parasites (45) . After the wells were washed three times with PBS-0.1% Tween 20, 100 ng horseradish peroxidase-conjugated mouse anti-human plasminogen IgG (R&D Systems, Inc., Minneapolis, MN) was added to each well and incubated at 37°C for 1 h. ELISA was read at A 450 using a microplate reader (Bio Tek Instruments Inc., Winooski, VT).
Ligand blot analysis. To study the binding ability of tv-ENO1 to human plasminogen, tv-rENO1 and plasminogen were electrophoresed by SDS-PAGE with 10% acrylamide gels and blotted onto nitrocellulose membranes (Bio-Rad Laboratories, Hercules, CA). The nitrocellulose membrane was blocked o/n at 4°C with 5% (wt/vol) nonfat dry milk in PBS-0.1% Tween 20. After the membrane was washed extensively with PBS-0.1% Tween 20, it was incubated o/n at 4°C with human plasminogen (35 g/ml) in PBS-1% BSA. After the blot was washed, it was incubated with mouse anti-human plasminogen MAb (1 g/ml) (R & D Systems) prepared in PBS-1% BSA for 1 h at RT, followed by incubation with horseradish peroxidase-conjugated anti-mouse IgG (Sigma) (1:2,000 [vol/ vol]), and bands were detected by using the ECL kit (Amersham Pharmacia Biotech).
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Plasminogen activation assay. Plasminogen activation was performed by measuring the amidolytic activity of generated plasmin. The reaction mixture in each well of 96-well plates contained 2 g human plasminogen (Roche Diagnotics), 1 g of pure tv-ENO1, or 1 ϫ 10 5 parasites and 3 g of plasmin substrate (D-valyl-L-lysylp-nitroaniline hydrochloride) (Sigma), 15 ng tPA (Sigma), and PBS to a final volume of 150 l. In parallel control experiments, generation of the plasmin was determined in either the absence of tPA or in the presence of ε-ACA. The effects of trichomonad cysteine proteinases were determined by the addition of 1 mM each of inhibitors N␣-p-tosyl-L-lysine chloromethyl ketone (TLCK) and E64 (both from Sigma), as before (20, 50 
RESULTS
Isolation of ␣-enolase cDNA and sequence comparisons. We screened a cDNA expression library with sera from patients. Two clones with overlapping sequence were highly reactive and characterized further. One full-length cDNA clone consisted of 1,428 bp with an open reading frame encoding 472 amino acids with a calculated molecular mass of 52 kDa. This protein showed a high degree of amino acid sequence identity with the proteins encoded by many other enolase genes available in GenBank. A comparison of the amino acid sequence of the T. vaginalis ␣-enolase with the sequences of similar enzymes of other organisms is shown in Fig. 1 . The highest level of identity (84%) was scored with Saccharomyces cerevisiae followed by 76% with Streptococcus pneumoniae. The crucial amino acid residues for ␣-enolase activity have been identified in S. cerevisiae as Glu 211, Lys 345, and His 373 (59) . The corresponding residues in tv-ENO1 are Glu 255, Lys 389, and His 417. In S. cerevisiae enolase, Ser 39, Asp 246, Glu 295, and Asp 320 are complexed to magnesium ions, corresponding to tv-ENO1 Ser 78, Asp 292, Glu 337, and Asp 364. Analysis of the sequence revealed a domain similar to the internal plasminogen-binding site found in S. pneumoniae ␣-enolase (FYD KERKVY) that is also found in the T. vaginalis sequence (FYDEEKKLY) between positions 298 and 306. This indicates that tv-ENO1 binds to plasminogen.
Parasite contact with VEC signals for elevated tv-eno1 expression and tv-ENO1 synthesis. Contact of T. vaginalis with VECs results in increased synthesis and surface placement of adhesins (9, 20, 26) . We, therefore, tested whether contact by trichomonads with MS-74 VECs influenced tv-eno1 transcription. As seen in Fig. 2A (lane 2) , T. vaginalis organisms after contact had increased amounts of tv-eno1, as evidenced by Using primers specific to ␣-tubulin as a control, we showed equal amounts of RNA added to each sample. Further, we showed increased amounts of tv-ENO1 detected by tv-ENO1 MAb in total proteins of trichomonads after contact with VECs (Fig. 2 , panel B1, lane 2) compared to proteins of control organisms handled similarly except without contact (lane 1). The increased amount of tv-ENO1 is also evident in stained total proteins in duplicate protein preparations as seen in Fig. 2 , panel B2. The total protein patterns were derived from identical numbers of parasites. tv-ENO1 released from trichomonads reassociates with parasites. From our earlier studies (27), we found that trichomonad metabolic enzymes, including ␣-enolase, were released. To affirm earlier results, we performed immunoblot analysis of the TCAprecipitated proteins in spent medium using tv-ENO1 MAb. The results once again revealed that tv-ENO1 is released from the parasite (Fig. 3A, lane 2) . We next verified the association of the released tv-ENO1 with trichomonads in an autoligand assay. Glutaraldehyde-fixed T. vaginalis was incubated with both parasite lysates and tv-rENO1, and unbound proteins were removed by washing. Results in Fig. 3B show that tv-ENO1 MAb reacted strongly both with protein of lysate (lane 1) and tv-rENO (lane 2) that bound to fixed trichomonads used in the assay. These data demonstrate that tv-ENO1 is associated with the surfaces of parasites.
tv-ENO1 is on the T. vaginalis surface. Next we performed immunofluorescence on washed, mid-logarithmic trichomonads from o/n batch culture. As shown in the representative experiments in Fig. 4 (panel b2) , the tv-ENO1 MAb reacted strongly with the surfaces of nonpermeabilized organisms. No fluorescence and immunoreactivity was ever detected by secondary antibody incubation with parasites (panel a2).
Expression of GST::tv-ENO1, purification of tv-rENO1, and immunogenicity. We then expressed GST::tv-ENO1 in E. coli. The fusion protein was affinity purified, and tv-rENO1 was obtained by digestion with thrombin. Figure 5A shows the results of immunoblot analysis using tv-ENO1 MAb as a probe to confirm expression of the fusion protein (lane 1) and purification of the tv-rENO1 after thrombin cleavage of tv-rENO1 (lane 2). Availability of purified tv-rENO1 permitted us to test directly for antibody in sera of patients. As shown in Fig. 5B , the tv-rENO1 was recognized by IgG antibodies from a preparation of pooled sera derived from 10 patients (IHS blot, lane 2). Similar reactivity was seen with the individual serum samples from patients (not shown). Sera from normal human subjects (NHS blot, lane 1) with no known history of T. vaginalis infection neither detected purified tv-rENO1 (lane 2) nor native ENO1 in lysate (lane 1). As expected, IHS reacted with numerous trichomonad proteins in total lysate after SDS-PAGE and immunoblotting of total TCA-precipitated proteins.
T. vaginalis surface tv-ENO1 and tv-rENO1 binds plasminogen. We next wanted to know whether parasites with surface tv-ENO1 bound to immobilized plasminogen. In this assay, optimal associations were obtained by 10 5 organisms, and An ELISA was performed using immobilized tv-rENO1 and increasing amounts of plasminogen. Figure 6C shows the expected concentration-dependent binding of plasminogen to tvrENO1-coated wells. For controls, wells coated only with BSA showed negligible, nonspecific binding of plasminogen, and importantly, the addition of 40 mM ε-ACA inhibited plasminogen binding to tv-rENO1, suggesting strongly that binding of plasminogen to tv-rENO1 is lysine dependent. Further, wells coated with tv-rENO1 were incubated with 2 g plasminogen and increasing amounts of ε-ACA. As seen in Fig. 6D , ε-ACA effectively inhibited binding of plasminogen to tv-rENO1, as evidenced by decreased A 450 at 25 mM, and only slightly greater inhibition was seen with a higher concentration of ε-ACA (Fig. 6D) . These data suggest that surface tv-ENO1 of T. vaginalis and the tv-rENO1 bind in a specific fashion to plasminogen.
Plasminogen is activated by parasites and tv-rENO1. Finally, we performed an activation assay to determine the ability of trichomonad tv-ENO1 and tv-rENO1 to produce plasmin from plasminogen. In the absence of protease inhibitors, parasites mediated activation of plasminogen in the presence of tPA (Fig. 7A, bar 3) , and the A 405 value was normalized to 100%. Not surprisingly, addition of 1 mM each of TLCK and E64, inhibitors to the numerous cysteine proteinases of T. vaginalis (20, 50) , gave a reduction in the amount of plasmin generated (bar 2), indicating a role for trichomonad proteases in plasminogen activation. Importantly, the absence of tPA yielded minimal detectable plasmin generation (bar 1). Further, the activation of plasminogen is directly proportional to the number of parasites in the reaction mixture (Fig. 7B) . In addition, an experiment was done with plasminogen in the presence of tPA and tv-rENO1. Figure 7C (bar 1) shows that indeed tv-rENO1 activates plasminogen compared to reaction mixtures lacking tPA (bar 2) and tv-rENO1 (bar 4). Last, the addition of ε-ACA inhibited plasmin generation (bar 3). These results suggest strongly that live organisms and purified rENO1 mediate the activation of plasminogen to plasmin. lane 2) were electrophoresed by SDS-PAGE on a 10% acrylamide gel. After electrophoresis, proteins were blotted onto a Hybond-P membrane and incubated with plasminogen (35 g/ml). The blot was probed with anti-plasminogen IgG antibody followed by secondary antibody. The bands indicate plasminogen bound to tv-rENO1 immobilized on the membrane (lane 1). (C) Plasminogen binds to tv-rENO1 immobilized on microtiter well plates in a concentration-dependent manner. ELISA was performed in a multiwell plate coated with tv-rENO1 (1 g/well) and increasing amounts of human plasminogen (1 g to 4 g). In a competition assay, 40 mM ε-ACA was included during incubation with plasminogen. Control wells lacked tv-rENO1 and were coated with only BSA (1 g well).
The assay was performed at A 450 using antibody to plasminogen. (D) Effects of different ε-ACA concentrations on plasminogen binding. Various concentrations of ε-ACA (25 mM to 100 mM) were added to wells containing 1 g immobilized tv-rENO1, followed by the addition of plasminogen, and ELISA was performed as described in Materials and Methods. The results represent the averages from four independent experiments with quadruplicate samples. These experiments were very reproducible and never varied by more than 5% of the average shown here. 
DISCUSSION
It is now appreciated that the non-self-limiting nature of trichomoniasis occurs in the exceedingly complex and constantly changing urogenital tracts of women, as evidenced by the menstrual cycle with fluctuations in pH, iron, and nutrients, the presence of blood components during menses, and the desquamation of the VECs. Preparatory to contact with VECs (8), trichomonads must go through the mucous layer (31) , and specific associations with the extracellular matrix proteins fibronectin and laminin (6, 14, 17) may indicate penetration to the basement membrane. Trichomonal cytotoxicity of vaginal and cervical epithelial cells and the vaginal discharge following infection may be critical obstacles for successful host colonization by the parasite. It is known that secretions of patients contain numerous trichomonad proteins, including high-molecular-weight immunogenic proteins (3) and cysteine proteinases (5). Further, it is known that numerous proteins are readily released during growth, and multiplication without lysis of organisms has been established (2, 27) .
In this report we readily obtained by screening a cDNA expression library with a pooled sera a full-length cDNA clone that encodes the T. vaginalis glycolytic enzyme ␣-enolase (tv-ENO1). The amino acid sequence has identity to ␣-enolase from a diverse group of organisms (Fig. 1) . The enzyme contains the active site and conformation-determining metal ionbinding site residues necessary for dimerization and enzyme The tv-rENO1 generates plasmin from plasminogen. Briefly, tv-rENO1 (1 g) was incubated with plasminogen (2 g), and plasmin formation was measured as mentioned in Materials and Methods. It is noteworthy that the results in panels A, B, and C are the averages of four different experiments with each experiment performed with quadruplicate samples. As mentioned in the legend to Fig. 6 , readings never varied more than 5% of the mean as presented. There was an elevated expression of T. vaginalis tv-eno1 upon parasite contact. We showed earlier that brief contact of trichomonads with VECs produced dramatic changes in parasite morphology (9) in addition to synthesis of adhesins and other trichomonad proteins (26) , suggesting host-specific signaling of parasites. More recently, we showed that parasite contact with VECs (24) and the released proteins of T. vaginalis (27) , the majority of which were metabolic enzymes, including tv-ENO1, induced expression of numerous VEC genes. We now confirm that T. vaginalis tv-ENO1 is released and at the same time is present on the parasite surface. Further, in an autoligand assay, we demonstrate the ability of purified rENO1 to associate with the parasite surface, making tv-ENO1 another member of the family of anchorless, surface-associated trichomonad proteins and consistent with the detection by fluorescence with ENO1 MAb of nonpermeabilized organisms.
Enolase is a ubiquitous, glycolytic enzyme (2-phospho-Dglycerate hydrolase) that catalyzes the dehydration of 2-phospho-D-glycerate (PGA) to phosphoenolpyruvate (PEP) in glycolysis, and the same enzyme catalyzes hydration of PEP to PGA during gluconeogenesis. For many years, enolase was regarded solely as a soluble cytosolic glycolytic enzyme. However, recent studies have shown that enolase is a protein with diverse distribution and biological functions (41) . For example, ␣-enolase is a heat shock protein and is capable of binding to cytoskeleton and chromatin structures to modulate transcription. It is known that ␣-enolase is also released in other microorganisms and yeast and is present on the surfaces of a diverse group of organisms, including bacteria, parasites, and mammalian cells (10, 12, 21, 22, 41) . ␣-Enolase plays a role in invasion of host tissue by pathogens (41) and exhibits adhesive function (10, 12, 16, 41) . Recent studies have indicated that ␣-enolase present in the cell walls of Staphylococcus aureus, S. pneumoniae, and Streptococcus pyogenes binds and activates plasminogen (10, 35, 40) and influences Streptomyces adherence to human pharyngeal cells (42) . Therefore, it is not altogether inconceivable, given this precedence, that tv-ENO1 may play an adhesive role in trichomonads, in addition to that of known adhesins (4, 19, 20) . ␣-Enolase has been implicated as playing a role in pathophysiological processes, especially through the presence of autoantibodies (40, 41) , and although the exact role of these autoantibodies in disease is unclear, our finding of antibody to tv-ENO1 in the sera of patients merits careful attention.
Our study shows that both T. vaginalis parasites and tvrENO1 bind human plasminogen and release plasmin. Previous studies in T. vaginalis have shown that parasites can bind to fibronectin and laminin, but not to collagen (14, 17) . Plasminogen is an abundant single-chain glycoprotein of 92 kDa which is present in human plasma, milk, secretions, and saliva (36, 39, 54) . Plasminogen binds to the carboxy-terminal lysines of the cell surface receptors via its lysine-binding sites (44) . Plasminogen activation with subsequent generation of plasmin, a serine protease, is mediated by the proteolytic activity of urokinase-type plasminogen activator or tPA (33) . The major biological function of plasmin is to degrade fibrin and extracellular matrices of basement membranes (44) . It has been established that ␣-enolase is a receptor and activator of plasminogen in pathogenic eukaryotic and prokaryotic cells (10, 21, 22, 41) . Recently, a secreted form of ␣-enolase in S. pneumoniae and the reassociation of secreted enolase with the bacterial cell surface, leading to increased plasminogen-binding activity, has been reported (10). Plasminogen activation is responsible for the degradation of intravascular clots and extracellular proteolysis in a wide variety of physiological and pathological processes (43, 44, 46) . Interestingly, recent reports have pointed to an enhanced activation of plasminogen upon interaction with the pathogen-derived ␣-enolase (22, 28-30, 34, 58) . The ability to bind plasminogen by pathogenic bacteria provides the microorganism with invasive properties (16, 30, 32, 34) . Therefore, for T. vaginalis, plasminogen binding and plasmin generation could facilitate T. vaginalis penetration to the basement membrane to permit associations with fibronectin and laminin. This would ensure the parasite access to growth factors and nutrients via localized proteolytic activity and contribute to the non-self-limiting nature of infection (33) . Finally, while a role for vascular damage by T. vaginalis plasmin generation is unknown, the existence of serum antibody to trichomonad proteins in the sera of patients may be the result of sufficient damage to vasculature that permits surveillance by the host immune system. This work now establishes the T. vaginalis ␣-enolase as a new surface-associated virulence factor.
